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(57) ABSTRACT 

Electrophoretic probes comprising ?uorescent compounds 
as detection groups and mobility modi?ers are disclosed for 
the multiplexed detection of the binding of, or interaction 
betWeen, one or more ligands and target antiligands are 
provided. In one embodiment, detection involves the release 
of identifying tags as a consequence of target recognition. 
Target antiligands are contacted With a set of e-tag probes 
and the contacted antiligands are treated With a selected 
cleaving agent resulting in a mixture of e-tag reporters. 
Typically, uncleaved or partially cleaved e-tag probes are 
removed and the mixture of e-tag reporters is separated by 
any technique that provides for separation by mass or mass 
to charge ratio and the like and detected to provide for target 
identi?cation. 
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ELECTROPHORETIC TAG REAGENTS 
COMPRISING FLUORESCENT COMPOUNDS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part (CIP) of 
09/698,846, ?led Oct. 27, 2000, Which is a CIP of 09/602, 
586, ?led Jun. 21, 2000, Which, With 09/684,386, ?led Oct. 
04, 2000 are CIP’s of 09/561,579, ?led Apr. 28, 2000, Which 
is a CIP of 09/303,029, ?led Apr. 30, 1999, all of Which are 
incorporated herein by reference in their entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates to probes comprising 
?uorescent compounds. The present compositions may be 
employed in the detection and quantitation of analytes such 
as polypeptides, polynucleotides, hormones and drugs. In 
particular, the invention pertains to ?uorescent compounds 
and their use as detection groups in electrophoretic probes. 

BACKGROUND OF THE INVENTION 

[0003] The need to determine many analytes (for eXample 
multiple pathogens or multiple genes or multiple genetic 
variants) in blood or other biological ?uids has become 
increasingly apparent in many branches of medicine. Most 
multi-analyte assays, such as multiplexed assays that detect, 
e.g., multiple nucleic acid sequences, involve multiple steps, 
have poor sensitivity, a limited dynamic range (typically on 
the order of 2 to 100-fold differences and some require 
sophisticated instrumentation. 

[0004] Fluorescent compounds are Widely used as labels 
in a variety of diagnostic procedures. Fluorescent com 
pounds are linked to other entities to form probes that are 
used to assay for a Wide variety of materials of interest. In 
some applications it is important that ?uorescent compounds 
employed as labels have different spectral properties. Such 
properties include Wavelength of excitation, Wavelength of 
emission, quantum yields, Stokes shift, and so forth. 

BRIEF DESCRIPTION OF THE RELATED ART 

[0005] US. Pat. No. 6,008,379 discloses aromatic substi 
tuted Xanthene dyes. 

[0006] US. Pat. No. 6,080,852 discusses 4,7-dichloror 
hodamine dyes. 

[0007] Unsymmetrical ?uorescein derivatives are dis 
closed in US. Pat. No. 4,439,356. 

[0008] Xanthene dyes having a fused (C) benZo ring are 
discussed in US. Pat. No. 4,945,171. 

[0009] 4,7-Dichloro?uorescein dyes as molecular probes 
are discussed in WO 94/05688. 

[0010] US. Pat. No. 4,351,760 discloses alkyl substituted 
?uorescent compounds and polyamino acid conjugates. 

[0011] US. Pat. No. 4,318,846 discusses ether substituted 
?uorescein polyamino acid compounds as ?uorescers and 
quenchers. PCT WO 97/39064 discloses ?uorinated Xan 
thene derivatives. 

[0012] US. Pat. No. 5,807,682 describes probe composi 
tions for detecting a plurality of nucleic acid targets. 
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SUMMARY OF THE INVENTION 

[0013] In one embodiment the present invention is 
directed to electrophoretic tag probes, and sets of such 
probes, Wherein a probe comprises a releasable portion that 
is separately detectable on the basis of mobility and a 
detectable moiety that is a compound of the formula: 

[0014] Wherein: 

[0015] Z is H, loWer alkyl, substituted loWer alkyl, 
loWer alkenyl, substituted loWer alkenyl, loWer alky 
nyl, substituted loWer alkynyl, cycloalkyl, alkoXy, 
substituted alkoXy, phenoXy, substituted phenoXy, 
aromatic, substituted aromatic, phenyl, substituted 
phenyl, polycyclic aromatic, substituted polycyclic 
aromatic, heterocyclic, substituted heterocyclic, 
chlorine, ?uorine, bromine, iodine, COOH, carboXy 
late, amide, nitrile, nitro, sulfonyl, sulfate, sulfone, 
amino, tethered amino, quaternary amino, imino, 
phosphorus containing species such as, e.g., phos 
phate, phosphite, and the like, polymer chains of 
from about 2 to about 500, preferably, about 5 to 
about 100 monomer units such as, e.g., nucleotides, 
amino acids, amides, esters, ethers, amines, and so 
forth, 

[0016] A is O, N+(R1)(R2) Wherein R1 and R2 are 
independently H, loWer alkyl, substituted loWer 
alkyl, and the like, 

[0017] D is OH, OR3 Wherein R3 is loWer alkyl, 
substituted loWer alkyl, aryl, substituted aryl, and the 
like, N(R1)(R2) Wherein R1 and R2 are independently 
H, loWer alkyl, substituted loWer alkyl, 

[0018] W1, W2, W3, W4, W5 and W6 are indepen 
dently H, loWer alkyl, substituted loWer alkyl, loWer 
alkenyl, substituted loWer alkenyl, loWer alkynyl, 
substituted loWer alkynyl, cycloalkyl, alkoXy, sub 
stituted alkoXy, phenoXy, substituted phenoXy, aro 
matic, substituted aromatic, phenyl, substituted phe 
nyl, polycyclic aromatic, substituted polycyclic 
aromatic, heterocyclic, substituted heterocyclic, 
chlorine, ?uorine, bromine, iodine, COOH, carboXy 
late, amide, nitrile, nitro, sulfonyl, sulfate, sulfone, 
amino, tethered amino, quaternary amino, imino, and 
so forth, 

[0019] Xl-X4 are independently H, loWer alkyl, sub 
stituted loWer alkyl, loWer alkenyl, substituted loWer 
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alkenyl, lower alkynyl, substituted lower alkynyl, 
cycloalkyl, alkoXy, substituted alkoXy, phenoXy, sub 
stituted phenoXy, aromatic, substituted aromatic, 
phenyl, substituted phenyl, polycyclic aromatic, sub 
stituted polycyclic aromatic, heterocyclic, substi 
tuted heterocyclic, chlorine, ?uorine, bromine, 
iodine, COOH, carboXylate, amide, nitrile, nitro, 
sulfonyl, sulfate, sulfone, amino, tethered amino, 
quaternary amino, imino, and so forth, 

[0020] Wherein W2 and W3 may be taken together to 
form one or more rings comprising 4 to 14 atoms, 
preferably, 4 to 8 atoms, more preferably, 5 to 7 
atoms, usually carbon atoms, and comprising 1 to 7 
unsaturations, usually, 1 to 4 unsaturations, such as, 
e.g., benZo (from benZene), naptho (from naphtha 
lene), anthro (from anthracene), and the like, and 

[0021] Wherein W4 and W5 may be taken together to 
form a ring comprising 4 to 14 atoms, preferably, 4 
to 8 atoms, more preferably, 5 to 7 atoms, usually 
carbon atoms, and comprising 1 to 7 unsaturations, 
usually, 1 to 4 unsaturations, such as, e.g., benZo 
(from benZene), naptho (from naphthalene), anthro 
(from anthracene), and the like, 

[0022] The electrophoretic probes may be used in methods 
for simultaneously determining multiple analytes in a 
sample suspected of containing the analytes. In the method 
a combination is provided comprising the sample and an 
electrophoretic tag probe comprising a releasable portion 
that is separately detectable on the basis of mobility and the 
presence therein of a ?uorescent compound in accordance 
With the invention. The electrophoretic tag probe, or e-tag 
probe, is involved in a binding event that is related to the 
presence of the analyte in the sample. The combination is 
treated With reagents under conditions su?icient to release 
the releasable portion, forming an e-tag reporter. The pres 
ence and/or amount of the released e-tag reporter is detected 
and is related to the presence and/or amount of the analyte 
in the sample. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 depicts ?uorescent compounds employed in 
the present invention. 

[0024] FIG. 2 depicts a general formula for resorcinols 
that may be used in preparing the compounds employed in 
the present invention. 

[0025] FIG. 3 depicts a general formula for phthalic acid 
anhydrides that may be used in preparing the compounds 
employed in the present invention. 

[0026] FIG. 4 depicts a general formula for phthalic acids 
that may be used in preparing the compounds employed in 
the present invention. 

[0027] FIG. 5 depicts one approach to the synthesis of 
2-methyl4-chlororesorcinol. 
[0028] FIG. 6 depicts one approach to the synthesis of 
AMD-S 001. 

[0029] FIG. 7 depicts one approach to the synthesis of 
dichlorotrimellitic acid. 

[0030] FIG. 8 depicts one approach to the synthesis of 
AMD-S 002. 
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[0031] FIG. 9 depicts eXamples of resorcinols that may be 
used in the synthesis of ?uorescent compounds employed in 
the invention. 

[0032] FIG. 10 depicts FAM. 

[0033] FIG. 11 depicts an electropherogram of 6-FAM. 

[0034] FIG. 12 depicts an electropherogram of 6-FAM 
and AMD-S 002. 

[0035] FIG. 13 depicts an electropherogram of 6-FAM 
and AMD-S 001. 

DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

[0036] A. Fluorescent Compounds 

[0037] Some of the ?uorescent compounds employed in 
the invention have the folloWing formula: 

[0038] Wherein 

[0039] Z“ is COOH, and the like, 

[0040] A“ is O, N(R1")(R2") Wherein R1" and R2" are 
independently loWer alkyl, substituted loWer alkyl, 
and the like, 

[0041] D“ is OH, OR3" Wherein R3" is loWer alkyl, 
substituted loWer alkyl, aryl, substituted aryl, and the 
like, 

[0042] W1" and W6" are independently H, loWer 
alkyl, substituted loWer alkyl, COOH, chloro, ?uoro, 
and the like, 

[0043] W2" and W5" are independently H, loWer 
alkyl, substituted loWer alkyl, COOH, chloro, ?uoro, 
and the like, 

[0044] W3" and W4" are independently H, loWer 
alkyl, substituted loWer alkyl, COOH, chloro, ?uoro, 
and the like, 

[0045] Wherein W2" and W3" may be taken together 
to form one or more rings comprising 4 to 14 atoms, 
preferably, 4 to 8 atoms, more preferably, 5 to 7 
atoms, usually carbon atoms, and comprising 1 to 7 
unsaturations, usually, 1 to 4 unsaturations, such as, 
e.g., benZo (from benZene), naptho (from naphtha 
lene), anthro (from anthracene), and the like, and 
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[0046] wherein W4" and W5" may be taken together 
to form a ring comprising 4 to 14 atoms, preferably, 
4 to 8 atoms, more preferably, 5 to 7 atoms, usually 
carbon atoms, and comprising 1 to 7 unsaturations, 
usually, 1 to 4 unsaturations, such as, e.g., benZo 
(from benzene), naptho (from naphthalene), anthro 
(from anthracene), and the like, 

[0047] XF-X‘u are independently H, chloro, ?uoro, 
COOH, bromo, iodo, and the like, 

[0048] With the proviso that, When A“ is 
N(R1")(R2") and none of W1"-W°" is carboxyl, 
Xluand X4" are not chlorine, and 

[0049] With the proviso that, When A“ is O and W2" 
and W3“ are taken together to form a benZo ring 
and W4" and W5" are not taken together to form a 
benZo ring, W5" is H, halogen, loWer alkyl, or 
COOH, and 

[0050] With the proviso that, When, A“ is O and X1" 
and X4" are chloro, one of W2" or W5" is not chloro, 
or When, A“ is O and W2" and W5" are chloro, one 
of X1" or X4" is not chloro, and 

[0051] With the proviso that, When Z is COOH and 
one of X1 "-X4" is COOH, one of W1"-W°" is other 
than hydrogen. 

[0052] Certain embodiments of the invention are com 
pounds of the above formula Wherein: 

[0053] Z“ is COOH, 

[0054] A“ is o, 

[0055] D“ is OH, 

[0056] W1" and W6" are independently H or loWer 
alkyl, 

[0057] W2" and W5" are independently H, loWer 
alkyl, COOH, or chloro, 

[0058] W3" and W4" are independently H or loWer 
alkyl, 

[0059] Wherein W2" and W3" may be taken together 
to form a benZo ring, and 

[0060] Wherein W4" and W5" may be taken together 
to form a benZo ring, 

[0061] X1YI-X4" are independently H, chloro, ?uoro, 
or COOH. 

[0062] In one embodiment Z“ is carboxyl, W6" and W1" 
are loWer alkyl, W5" and W2" are halogen, X2" and X3" are 
hydrogen or carboxyl and X1" and X4" are hydrogen or 
halogen. In another embodiment the compounds of the 
invention are those set forth in FIG. 1 Wherein EX is 
excitation Wavelength, EM is Wavelength of emission and 
ROY is quantum yield and the charge for each of the 
compounds is —3. 

[0063] LoWer alkyl means a straight or branched chain 
hydrocarbon moiety comprising from 1 to 9 carbon atoms 
such as, for example, methyl, ethyl, propyl, butyl, pentyl, 
hexyl, heptyl, octyl, nonyl, and any appropriate iso-, tert-, 
neo-, sec-, and other forms thereof such as, for example, 
isobutyl, sec-butyl, tert-butyl, and so forth. Substituted 
loWer alkyl means loWer alkyl comprising one or more 
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substituents replacing hydrogen atoms of the hydrocarbon. 
The substituents may be aliphatic or aromatic and include, 
for example, alkyl, aryl, aralkyl, halogen (chlorine, ?uorine, 
bromine, iodine), amino, amido, nitro, sulfo, cyano, and so 
forth. 

[0064] The aforementioned ?uorescent compounds may 
be synthesiZed in a number of different synthetic approaches 
such as those represented in FIGS. 5-8. These approaches 
generally involve the reaction of an appropriate resorcinol, 
as generally represented in FIG. 2, With an appropriate 
phthalic acid anhydride, as generally represented in FIG. 3, 
or an appropriate phthalic acid, as generally represented in 
FIG. 4, With heating in the presence of a suitable conden 
sation catalyst. In the approach of FIG. 6, an example of the 
condensation reaction is carried out at elevated temperature 
of about 150 to about 200° C., usually, about 175° C. A 
condensation catalyst is employed such as, for example, Zinc 
chloride, aluminum chloride, and the like. In the example in 
the approach of FIG. 8, the appropriate resorcinol and 
phthalic acid anhydride are heated at an elevated tempera 
ture, usually, about 100 to about 150° C., more usually, 
about 130° C. The catalyst for condensation in this approach 
may be any acid suitable for condensation reactions of this 
type such as, for example, methane sulfonic acid, tosic acid, 
and the like. By choosing the appropriately substituted 
resorcinol and phthalic acid anhydride, the aforementioned 
?uorescent compounds may be synthesiZed. Examples of 
resorcinols employed to prepare the aforementioned ?uo 
rescent compounds are set forth in FIG. 9. 

[0065] The present methods may be used to synthesiZe 
both symmetrical and unsymmetrical ?uorescent com 
pounds as Well as various regioisomers. The synthesis of 
unsymmetrical ?uorescein derivatives employs a benZophe 
none intermediate that is a decomposition product of a 
carboxy ?uorescein synthesiZed from an acid anhydride and 
the ?rst of tWo different resorcinols. The benZophenone is 
subsequently reacted With the second of the tWo different 
resorcinols, under conditions that are similar to or identical 
to those described above for the symmetrical ?uorescein 
derivatives, to generate the desired material. Isolation is also 
as described for the symmetrical ?uorescein derivatives. 

[0066] The present ?uorescent compounds may be 
employed in any manner in Which ?uorescent compounds 
are utiliZed. One particularly attractive use of the aforemen 
tioned ?uorescent compounds is as labels in diagnostic 
procedures. As such, the ?uorescent compounds may be 
associated With a Wide variety of entities, for example, to 
form probes and other ?uorescently labeled reagents. The 
entities may be synthetic or naturally occurring, and may be, 
for example, nucleotides, nucleosides, polynucleotides, 
amino acids, poly(amino acids), polysaccharides, haptens, 
antigens, antibodies and other receptors, supports such as 
particles including beads and the like, organic and inorganic 
polymers, cells, microorganisms, and so forth and combi 
nations thereof. 

[0067] The association of the ?uorescent compound With 
another entity depends on the nature of the other entity and 
the ?uorescent compound. The association may be by 
attachment, physical absorption, incorporation, electrostatic 
attraction, hydrogen bonding, and so forth. Methods for 
attaching ?uorescent compounds to other entities are Well 
knoWn in the art. The attachment may be covalent or 
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non-covalent, direct by virtue of a bond or indirect through 
the intermediacy of a linking group. The linking group Will 
vary depending upon the nature of the molecules being 
linked. Functional groups that are normally present or are 
introduced on a molecule to be linked or on the ?uorescent 
compound may be employed for linking these materials. 

[0068] In one approach, carbonyl functionalities are used, 
both oxocarbonyl, e.g., aldehyde, and non-oxocarbonyl 
(including nitrogen and sulfur analogs) e.g., carboxy, ami 
dine, amidate, thiocarboxy and thionocarboxy. Alternative 
functionalities include active halogen, diaZo, mercapto, ole 
?n, particularly activated ole?n, amino, phosphoro and the 
like. A description of linking groups may be found in US. 
Pat. No. 3,817,837, Which disclosure is incorporated herein 
by reference in its entirety. See also, for example, “Immo 
biliZed Enzymes,” Ichiro Chibata, Halsted Press, NeW York 
(1978) and Cuatrecasas, J. Biol. Chem, 245:3059 (1970). 

[0069] The linking groups may vary from a bond to a 
chain of from 1 to 100 atoms, usually from about 1 to 70 
atoms, preferably 1 to 50 atoms more preferably 1 to 20 
atoms, each independently selected from the group normally 
consisting of carbon, oxygen, sulfur, nitrogen, halogen and 
phosphorous. The number of heteroatoms in the linking 
groups Will normally range from about 0 to 20, usually from 
about 1 to 15, more preferably 2 to 6. The atoms in the chain 
may be substituted With atoms other than hydrogen. As a 
general rule, the length of a particular linking group can be 
selected arbitrarily to provide for convenience of synthesis 
and the incorporation of any desired group. The linking 
groups may be aliphatic or aromatic, although With diaZo 
groups, aromatic groups are usually involved. 

[0070] When heteroatoms are present, oxygen is normally 
present as oxo or oxy, bonded to carbon, sulfur, nitrogen or 
phosphorous, nitrogen is normally present as nitro, nitroso 
or amino, normally bonded to carbon, oxygen, sulfur or 
phosphorous; sulfur is analogous to oxygen; While phospho 
rous is generally bonded to carbon, sulfur, oxygen or nitro 
gen, usually as phosphonate and phosphate mono- or diester. 
Common functionalities in forming a covalent bond betWeen 
the linking group and the molecule to be conjugated are 

alkylamine, amidine, thioamide, ether, urea, thiourea, guani 
dine, aZo, thioether and carboxylate, sulfonate, and phos 
phate esters, amides and thioesters. 

[0071] For the most part, a linking group Will have a 
non-oxocarbonyl group including nitrogen and sulfur ana 
logs, a phosphate group, an amino group, alkylating agent 
such as halo or tosylalkyl, oxy (hydroxyl or the sulfur 

analog, mercapto) oxocarbonyl (e.g., aldehyde or ketone), or 
active ole?n such as a vinyl sulfone or ot-, [3-unsaturated 
ester. These functionalities are linked to amine groups, 

carboxyl groups, active ole?ns, alkylating agents, e.g., bro 
moacetyl. Where an amine and carboxylic acid or its nitro 
gen derivative or phosphoric acid are linked, amides, 
amidines and phosphoramides are formed. Where mercaptan 
and activated ole?n are linked, thioethers are formed. Where 

a mercaptan and an alkylating agent are linked, thioethers 
are also formed. Where aldehyde and an amine are linked 
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under reducing conditions, an alkylamine is formed. Where 
a carboxylic acid or phosphate acid and an alcohol are 

linked, esters are formed. 

[0072] In one speci?c embodiment of the present inven 
tion the ?uorescent compounds are part of an e-tag reporter 
group as discussed hereinbeloW. In this embodiment a 

?uorescent compound comprises a mobility modi?er to form 
the e-tag reporter group, Which is linked to a target-binding 
moiety by means of a bond or a linking group. In one 

embodiment the e-tag reporter group is releasable. Usually, 
this involves linking through a cleavable linkage. 

[0073] Another aspect of the invention involves phos 
phoramidite reagents comprising the present ?uorescent 
compounds. The phosphoramidite reagents may be prepared 
from the ?uorescent compounds and may be used in the 
synthesis of polynucleotides and the like as discussed brie?y 
here and in more detail beloW. Such reagents are particularly 

useful for the automated synthesis of labeled polynucle 
otides comprising one or more ?uorescent compounds of the 

invention. The labeled phosphoramidite reagents may be 
reacted With a 5‘-hydroxyl group of a nucleotide or poly 
nucleotide to form a phosphite ester, Which is oxidiZed to 
give a phosphate ester. The foregoing chemistry of the 
synthesis of polynucleotides is described in detail, for 
example, in Caruthers, Science 230: 281-285, 1985; Itakura, 
et al.,Ann. Rev. Biochem. 53: 323-356; Hunkapillar, et al., 
Nature 310: 105-110, 1984; and in “Synthesis of Oligo 
nucleotide Derivatives in Design and Targeted Reaction of 
Oligonucleotide Derivatives”, CRC Press, Boca Raton, Fla., 
pages 100 et seq., US. Pat. Nos. 4,458,066, 4,500,707, 
5,153,319, 5,869,643 and elseWhere. The phosphoramidite 
and phosphite triester approaches are most broadly used, but 
other approaches include the phosphodiester approach, the 
phosphotriester approach and the H-phosphonate approach. 

[0074] The phosphoramidite derivatives of the present 
?uorescent compounds may be synthesiZed by methods that 
are Well-knoWn in the art. Brie?y, phenolic or other 
hydroxyls of the ?uorescent compounds are protected With 
suitable protecting groups that can be removed With a 
deprotection agent employed in the polynucleotide synthesis 
such as, for example, ammonia, ethanolamine, methy 
lamine/ammonium hydroxide, sodium hydroxide, other 
sources of hydroxide, and so forth. The protecting groups 
include by Way of illustration and not limitation esters of 
benZoic acid, esters of pivalic acid, esters of isobutyric acid, 
2-nitrobenZyl ether, and the like. A linking moiety of the 
?uorescent compound such as a carboxyl group is activated 
With a suitable activating agent such as, for example, car 
bodiimide, N-hydroxysuccinimide, hydroxy benZtriaZole, 
and so forth. The activated linking moiety is reacted With an 
alcohol linker such as, e.g., an aminoalcohol, diamine addi 
tion folloWed by coupling With an acid alcohol, and the like, 
to give the protected ?uorescent compound With a free 
alcohol group. The resultant compound With free alcohol 
functionality is reacted With a phosphitylating agent using 
standard procedures. 
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[0075] Other ?uorescent compounds have the following 
formula: 

cycloalkyl, alkoXy, substituted alkoXy, phenoXy, sub 

[0076] Wherein: 

[0077] Z is H, loWer alkyl, substituted loWer alkyl, 
loWer alkenyl, substituted loWer alkenyl, loWer alky 
nyl, substituted loWer alkynyl, cycloalkyl, alkoXy, 
substituted alkoXy, phenoXy, substituted phenoXy, 
aromatic, substituted aromatic, phenyl, substituted 
phenyl, polycyclic aromatic, substituted polycyclic 
aromatic, heterocyclic, substituted heterocyclic, 
chlorine, ?uorine, bromine, iodine, COOH, carboXy 
late, amide, nitrile, nitro, sulfonyl, sulfate, sulfone, 
amino, tethered amino, quaternary amino, imino, 
phosphorus containing species such as, e.g., phos 
phate, phosphite, and the like, polymer chains of 
from about 2 to about 10 monomer units such as, eg 

polyethylene glycol, polyamide, polyether, and the 
like, 

[0078] A is O, N+(R1)(R2) Wherein R1 and R2 are 
independently H, loWer alkyl, substituted loWer 
alkyl, and the like, 

[0079] D is OH, OR3 Wherein R3 is loWer alkyl, 
substituted loWer alkyl, aryl, substituted aryl, and the 
like, N(R1)(R2) Wherein R1 and R2 are independently 
H, loWer alkyl, substituted loWer alkyl, and the like, 

[0080] W1, W2, W3, W4, W5 and W6 are indepen 
dently H, loWer alkyl, substituted loWer alkyl, loWer 
alkenyl, substituted loWer alkenyl, loWer alkynyl, 
substituted loWer alkynyl, cycloalkyl, alkoXy, sub 
stituted alkoXy, phenoXy, substituted phenoXy, aro 
matic, substituted aromatic, phenyl, substituted phe 
nyl, polycyclic aromatic, substituted polycyclic 
aromatic, heterocyclic, substituted heterocyclic, 
chlorine, ?uorine, bromine, iodine, COOH, carboXy 
late, amide, nitrile, nitro, sulfonyl, sulfate, sulfone, 
amino, tethered amino, quaternary amino, imino, and 
the like, 

[0081] Xl-X4 are independently H, loWer alkyl, sub 
stituted loWer alkyl, loWer alkenyl, substituted loWer 
alkenyl, loWer alkynyl, substituted loWer alkynyl, 

stituted phenoXy, aromatic, substituted aromatic, 
phenyl, substituted phenyl, polycyclic aromatic, sub 
stituted polycyclic aromatic, heterocyclic, substi 
tuted heterocyclic, chlorine, ?uorine, bromine, 
iodine, COOH, carboXylate, amide, nitrile, nitro, 
sulfonyl, sulfate, sulfone, amino, tethered amino, 
quaternary amino, imino, and the like, 

[0082] Wherein W2 and W3 may be taken together to 
form one or more rings comprising 4 to 14 atoms, 

preferably, 4 to 8 atoms, more preferably, 5 to 7 

atoms, usually carbon atoms, and comprising 1 to 7 
unsaturations, usually, 1 to 4 unsaturations, such as, 
e.g., benZo (from benZene), naptho (from naphtha 
lene), anthro (from anthracene), and the like, and 

[0083] Wherein W4 and W5 may be taken together to 
form a ring comprising 4 to 14 atoms, preferably, 4 
to 8 atoms, more preferably, 5 to 7 atoms, usually 
carbon atoms, and comprising 1 to 7 unsaturations, 
usually, 1 to 4 unsaturations, such as, e.g., benZo 
(from benZene), naptho (from naphthalene), anthro 
(from anthracene), and the like, 

[0084] With the proviso that, When A is O, W5 is not 
phenyl, substituted phenyl, polycyclic aromatic, sub 
stituted polycyclic aromatic, heterocyclic, or substi 
tuted heterocyclic, and With the proviso that, When A 
is N(R1)(R2) and none of W1 -W6 is carboXyl, X1 and 
X4 are not chlorine, and 

[0085] With the proviso that, When A is O and one of 
W1 or W2 is loWer alkyl or loWer alkoXy, one of W5 
or W6 is not hydrogen or halogen, and 

[0086] With the proviso that, WhenAis O, one of W2, 
W5, X1 or X4 is not chlorine, and 

[0087] With the proviso that, When A is O and one of 
W2 or W5 is aliphatic hydrocarbylene, one of W1, 
W3, W4 or W6 is not hydrogen, and 

[0088] With the proviso that, When A is O and one of 
W1 or W6 is alkoXy or thioalkyl, one of W3 or W4 is 
not hydrogen, and 

[0089] With the proviso that, When Z is COOH and 
one of X1'I-X4" is COOH, one of W1"-W6" is other 
than hydrogen. 

[0090] LoWer alkenyl means a hydrocarbon similar to 
loWer alkyl described above but having at least one carbon 
carbon double bond and thus from 2 to 9 carbon atoms. 
Substituents on a loWer alkenyl group may be as described 
above for substituted loWer alkyl. 

[0091] LoWer alkynyl means a hydrocarbon similar to 
loWer alkyl described above but having at least one carbon 
carbon triple bond and thus from 2 to 9 carbon atoms. 
Substituents on a loWer alkynyl group may be as described 
above for substituted loWer alkyl. 
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[0092] Other ?uorescent compounds include those having 
the following formula: 

[0093] Wherein: 

[0094] Z‘ is COOH, 

[0095] A‘ is O, 

[0096] D‘is OH, 0R3’ wherein R3’ is loWer alkyl, 
substituted loWer alkyl, aryl, substituted aryl, 

[0097] W1’, W2’, W3’, W4’ and WG'are independently 
H, loWer alkyl, substituted loWer alkyl, loWer alk 
enyl, substituted loWer alkenyl, loWer alkynyl, sub 
stituted loWer alkynyl, cycloalkyl, alkoXy, substi 
tuted alkoXy, phenoXy, substituted phenoXy, 
aromatic, substituted aromatic, phenyl, substituted 
phenyl, polycyclic aromatic, substituted polycyclic 
aromatic, heterocyclic, substituted heterocyclic, 
chlorine, ?uorine, bromine, iodine, COOH, carboXy 
late, amide, nitrile, nitro, sulfonyl, sulfate, sulfone, 
amino, tethered amino, quaternary amino, imino, and 
the like, 

[0098] WS’ is H, loWer alkyl, substituted loWer alkyl, 
loWer alkenyl, substituted loWer alkenyl, loWer alky 
nyl, substituted loWer alkynyl, cycloalkyl, alkoXy, 
substituted alkoXy, phenoXy, substituted phenoXy, 
chlorine, ?uorine, bromine, iodine, COOH, carboXy 
late, amide, nitrile, nitro, sulfonyl, sulfate, sulfone, 
amino, tethered amino, quaternary amino, imino, and 
the like, 

[0099] Xlv-X4v are independently H, loWer alkyl, sub 
stituted loWer alkyl, loWer alkenyl, substituted loWer 
alkenyl, loWer alkynyl, substituted loWer alkynyl, 
cycloalkyl, alkoXy, substituted alkoXy, phenoXy, sub 
stituted phenoXy, aromatic, substituted aromatic, 
phenyl, substituted phenyl, polycyclic aromatic, sub 
stituted polycyclic aromatic, heterocyclic, substi 
tuted heterocyclic, chlorine, ?uorine, bromine, 
iodine, COOH, carboXylate, amide, nitrile, nitro, 
sulfonyl, sulfate, sulfone, amino, tethered amino, 
quaternary amino, imino, and the like, 

[0100] wherein W2 and W3’ may be taken together to 
form one or more rings comprising 4 to 14 atoms, 
preferably, 4 to 8 atoms, more preferably, 5 to 7 
atoms, usually carbon atoms, and comprising 1 to 7 
unsaturations, usually, 1 to 4 unsaturations, such as, 

Oct. 10, 2002 

e.g., benZo (from benZene), naptho (from naphtha 
lene), anthro (from anthracene), and the like, and 

[0101] Wherein W4’ and W5’ may be taken together to 
form a ring comprising 4 to 14 atoms, preferably, 4 
to 8 atoms, more preferably, 5 to 7 atoms, usually 
carbon atoms, and comprising 1 to 7 unsaturations, 
usually, 1 to 4 unsaturations, such as, e.g., benZo 
(from benZene), naptho (from naphthalene), anthro 
(from anthracene), and the like, 

[0102] With the proviso that one of W2’, W5’, X1’ or X4’ 
is not chlorine, and 

[0103] With the proviso that, When one of W1v or W2 
is loWer alkyl or loWer alkoXy, one of WS’ or W6’ is 
not hydrogen or halogen, and 

[0104] With the proviso that, When one of W2 or W5’ 
is aliphatic hydrocarbylene, one of W1’, W3’, W4’ or 
W6 is not hydrogen, and 

[0105] With the proviso that, When one of W1v or W6 
is alkoXy or thioalkyl, one of W3 or W4". is not 
hydrogen, and 

[0106] With the proviso that, When Z is COOH and 
one of Xlvl-X‘l" is COOH, one of Wlvl-W?" is other 
than hydrogen. 

[0107] B. De?nitions 
[0108] In de?ning the terms beloW, it is useful to consider 
the makeup of the “electrophoretic probes” that form part of 
the invention and/or are used in practicing the method of the 
invention. An electrophoretic probe has four basic compo 
nents or moieties: a detection group or moiety, (ii) a 
mobility modi?er, (iii) a target-binding moiety, and (iv) a 
linking group that links the mobility modi?er and detection 
group to the target-bonding moiety. These terms Will ?rst be 
eXamined in the context of the functioning of the electro 
phoretic probes in the invention, then more fully de?ned by 
their structural features. 

[0109] The function of an electrophoretic probe in the 
invention is ?rst to interact With a target, such as a single 
stranded nucleic acid, a protein, a ligand-binding agent, such 
as an antibody or receptor, or an enzyme, e.g., as an enZyme 

substrate. The “portion”, “region” or “moiety” of the probe 
Which binds to the target is the “target-binding moiety” or 
“target-binding region” or “target-binding portion” (“T”). 
After the target-binding moiety of an electrophoretic probe 
binds to a target, and typically as a result of such binding, the 
linking group of the electrophoretic probe may be cleaved to 
release an “electrophoretic tag” or “e-tag” or “e-tag 
reporter” that has a unique mass or charge-to-mass ratio, 
rendering such e-tags separable by, for example, elec 
troseparation or mass spectrometry. In one embodiment the 
e-tags have a unique electrophoretic mobility in a de?ned 
electrophoretic system. The e-tag reporter is composed of 
the detection group, mobility modi?er, and any residue of 
the linking group that remains associated With released 
reporter e-tag after cleavage. Therefore, the second function 
of the electrophoretic probe is to release an e-tag reporter, 
Which can be identi?ed according to its unique and knoWn 
electrophoretic mobility. 
[0110] According to an important feature of the invention, 
there is provided a set of electrophoretic probes, each of 
Which has a unique target-binding moiety and an associated 
“e-tag moiety” that imparts to the associated e-tag reporter, 
a unique electrophoretic mobility by virtue of a unique 
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charge to mass ratio. In general, the unique charge to mass 
ratio of an e-tag moiety is due to the chemical structure of 
the mobility modi?er, since the detection group and linking 
group residue (if any) are generally common to any set of 
electrophoretic probes. HoWever, it is recognized that the 
detection group can make unique charge and/or mass con 
tributions to the e-tag reporters as Well. For example, a set 
of electrophoretic probes may be made up of a ?rst subset 
having a group of mobility modi?ers that impart unique 
electrophoretic mobilities to the subset in combination With 
a detection group having one de?ned charge and/or mass, 
and a second subset having the same group of mobility 
modi?ers in combination With a second detection group With 
a different charge and/or mass, thus to impart electrophoretic 
mobilities Which are unique among both subsets. 

[0111] The different target-binding moieties in a set of 
electrophoretic probes are typically designated “Tj”, Where 
the set of probes contains n members, and each Tj,j=1 to j=n 
is different, i.e., Will bind speci?cally and/or With unique 
af?nities to different targets. A set of electrophoretic probes 
of the invention typically includes at least about 5 members, 
i.e., n is preferably 5 or more, typically 10-100 or more. 

[0112] A “reporter moiety”“R” or a “detection group”“D” 
are equivalent terms referring to a chemical group or moiety 
that is capable of being detected by a suitable detection 
system, particular in the context of detecting molecules 
containing the detection group after or during electro 
phoretic separation. The detection group in accordance With 
the present invention is a ?uorescent compound as disclosed 
herein. The ?uorescent compounds can be readily detected 
during or after electrophoretic separation of molecules by 
illuminating the molecules With a light source in the exci 
tation Wavelength and detecting ?uorescence emission from 
the irradiated molecules. Exemplary ?uorescent compounds 
Will be given beloW. As noted above, the detection group is 
typically common among a set or subset of different elec 
trophoretic probes, but may also differ among probe subsets, 
contributing to the unique electrophoretic mobilities of the 
released e-tag reporter. 

[0113] The “mobility modi?er”“M” is a generally a 
chemical group or moiety that is designed to have a par 
ticular charge to mass ratio, and thus a particular electro 
phoretic mobility in a de?ned electrophoretic system. Exem 
plary types of mobility modi?ers are discussed beloW. In a 
set of n electrophoretic probes, each unique mobility modi 
?er is designated Mj, Where j=1 to n, as above. The mobility 
modi?er may be considered to include a mass-modifying 
region and/or a charge-modifying region or a single region 
that acts as both a mass- and charge-modifying region. The 
mobility modifying region may also be referred to as M*, 
C*, L, a bond, a linking group, a mobility/mass identifying 
region or “mir”, a charge-imparting moiety and a mobility 
region. 

[0114] The detection group and mobility modi?er in the 
electrophoretic probe form an “e-tag moiety,” Which is 
linked to the target-binding moiety by a “linking group.” 
The linking group may be only a covalent bond that is 
cleavable under selected cleaving conditions, or a chemical 
moiety or chain, such as, for example, a nucleotide and 
associated phosphodiester bond, an oligonucleotide With an 
internal cleavable bond, an oligopeptide, or an enZyme 
substrate, that contains a cleavable chemical bond. Cleavage 
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typically occurs as the result of binding of the probe to the 
target, Which is folloWed by enZyme or catalyZed cleavage 
of the linking-group bond or other type of cleavage depend 
ing on the nature of the cleavable linkage. The linking group 
is referred to herein as “L.” 

[0115] The linking group may or may not contribute a 
linking-group “residue” to the released e-tag reporter, also 
dependent on the nature of the linking group and the site of 
cleavage. For example, Where the linking group is a covalent 
bond, or cleavage of the linking group occurs immediately 
adjacent the “e-tag moiety”, the linking group leaves no 
residue, i.e., Will not contribute additional mass and charge 
to the released e-tag reporter. Similarly, Where the linking 
group is a chemical group or chain that is cleaved internally 
or immediately adjacent the target-binding moiety, cleavage 
of the linking group leaves a residual mass and possible 
charge, contribution to the released e-tag reporter. In gen 
eral, this contribution Will be relatively small, and the same 
for each different released e-tag (assuming a common link 
ing group Within the probe set). As such, generally, the 
residue Will not effect the relative electrophoretic mobilities 
of the released e-tag reporters, nor the ability to resolve the 
e-tag reporters into electrophoretic species that can be 
uniquely identi?ed. 

[0116] The folloWing de?nitions are to be understood in 
the context of the above function of the various components 
of electrophoretic probes and e-tag reporters. In some case, 
structure designations based on different lettering schemes 
are employed, and the equivalency betWeen or among struc 
tures With different lettering schemes Will be understood by 
those skilled in the art, in vieW of the intended function of 
the structure being referred to. 

[0117] An “electrophoretic probe” refers to one of a set of 
probes of the type described above having unique target 
binding moieties and associated e-tag moieties. The probes 
are variously expressed by the folloWing equivalent forms 
herein: 

[0118] (a) (D, Mj)—L—T]-, or (D, Mj)—N—T]-, 
Where D is a detection moiety, M]- is the jth mobility 
modi?er, Tj is the jth target binding agent, and the 
linking group is represented by L and by N (When the 
linking group is the 5‘-terminal nucleotide of an 
oligonucleotide target-binding moiety). In this and 
the folloWing structural designations, (D, Mj)— indi 
cates that either the detection group or the mobility 
modi?er is joined to the linking group, i.e., either (D, 
M1) or (Mj,D)—. 

[0119] (b) (R, Mj)—L—T]-, or (R, Mj)—N—T]-, 
Where R is a detection moiety or reporter group, and 
Mj, Tj, and L and N are as in (a). 

[0120] (c) R—L—T or L—R—T, Where R is a label, 
particularly a ?uorescer, L is a mir, a bond or a 
linking group, Where L and the regions to Which L is 
attached provide for the variation in mobility of the 
e-tags. T comprises a portion of the target-binding 
region, particularly a nucleoside base, purine or 
pyrimidine, and is the base, a nucleoside, nucleotide 
or nucleotide triphosphate, an amino acid, either 
naturally occurring or synthetic, or other functional 
ity that may serve to participate in the synthesis of an 
oligomer, When T is retained, and is otherWise a 
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functionality resulting from the cleavage between L, 
the mir, and the target-binding region. (in the corre 
sponding e-tag reporter). 

[0121] A “set” or “group”, “plurality” or “library” of 
electrophoretic probes refers to a plurality of electrophoretic 
probes having typically at least ?ve, typically 10-100 or 
more probes With different unique target-binding moieties 
and associated e-tag moieties. 

[0122] As used herein, the term “electrophoretic tag probe 
set” or “e-tag probe set” refers to a set of probes for use in 
detecting each or any of a plurality of knoWn, selected target 
nucleotide sequences, or for detecting the binding of, or 
interaction betWeen, each or any of a plurality of ligands and 
one or more target antiligands. 

[0123] The term “target-binding moiety” or “T1” refers to 
the component of an e-tag probe that participates in recog 
nition and speci?c binding to a designated target. The 
target-binding moiety may also be referred to as T or T‘, or 
may be de?ned based on the type of target, e.g., as a snp 
detection sequence or an oligonucleotide detection 
sequence. 

[0124] In one application of this embodiment, the e-tag 
probe is referred to as a snp detection sequence, a ?uores 
cence snp detection sequence or an oligonucleotide detec 
tion sequence. 

[0125] In another generaliZed embodiment for use in 
detection of non-nucleic acid targets, the target-binding 
moiety, T], is or includes a ligand capable of binding to or 
interacting With a target antiligand and L is a linking group 
connected to T]- by a bond that is cleavable by a selected 
cleaving agent When the probe is bound to or interacting 
With the target antiligand. L may also be referred to as “L”, 
a terminal linking region, a terminal linking group. 

[0126] “Electrophoretic tag” refers to a composition or 
reagent for unique identi?cation of an entity of interest 
during separation. An e-tag has the fundamental structure 
given as (D, Mj)—L, Where D and M]- are the detection group 
and jth mobility modi?er, as de?ned above, and L is the 
linking group, and in particular, the bond or residue of the 
linking group remaining after cleavage. Here the e-tag 
moiety (D, M1) is intended to include both of the structures 
D—M]-—L and M]-—D—L. Other equivalent forms of 
expressing the e-tag are: (R, Mj), (R, M), R—L or L—R 
Where R is a reporter group, M]- or M is a mobility modi?er 
and L is a mobility identifying region (mir), a bond or a 
linking group. 

[0127] For purposes of clarity, the concept of an electro 
phoretic tag is consistently referred to herein as an “e-tag”, 
hoWever various references to “Etag”, “ETAG”, “eTAG” 
and “eTag” may be made When referring to an electro 
phoretic tag. As used herein, the term “electrophoretic tag 
probe” or “e-tag probe” refers to a reagent used for target 
recognition, Which comprises an e-tag and a target-binding 
moiety. Upon interaction With the corresponding target, the 
e-tag undergoes a change resulting in the release of an e-tag 
reporter. Such an e-tag probe may also be referred to as a 
binding member. 

[0128] E-tag probes of the invention ?nd utility in per 
forming multiplexed for detection/analysis of targets includ 
ing, but not limited to nucleic acid detection, such as 
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sequence recognition, snp detection, transcription analysis 
or mRNA determination, allelic determination, mutation 
determination, HLA typing or MHC determination and 
haplotype determination, in addition to detection of other 
ligands, such as proteins, polysaccharides, etc. 

[0129] As used herein, the term “e-tag reporter” refers to 
the cleavage product generated as a result of the interaction 
betWeen an e-tag probe and its target. In one representation, 
an e-tag reporter comprises the e-tag plus a residual portion 
of the target binding moiety (Tj) (Where, as in the nucleotide 
eXample, above, one or more nucleotides in the target 
binding moiety contain the cleavable linking group), or a 
residual portion of the linking group (When the latter is 
considered separate from the target-binding moiety). In 
another embodiment, the e-tag does not retain any of the 
target-binding moiety. E-tag reporters can be differentiated 
by electrophoretic mobility or mass and are amenable to 
electrophoretic separation and detection, although other 
methods of differentiating the tags may also ?nd use. 

[0130] An e-tag reporter resulting from the interaction of 
an e-tag probe and a nucleic acid target typically has the 
form (D, Mj)—N, Where N is as de?ned above, the 5‘-end 
terminal nucleotide of a target-binding oligonucleotide. 

[0131] An e-tag reporter resulting from the interaction of 
an e-tag probe used to detect the binding of or interaction 
betWeen a ligand and an antiligand typically has the form (D, 
Mj)—L‘. D and M]- are de?ned above and L‘ is the residue of 
L that remains attached to (D, Mj) after an e-tag reporter is 
cleaved from the corresponding e-tag probe. 

[0132] E-tag reporters may also be described as electro 
phoretic tags or eTags for use in electrophoresis, released 
eTags, released e-tags, etc. The e-tag for use in electrophore 
sis may also be represented by the formula: R—L—T, as 
described above, Where T is retained, and is otherWise a 
functionality resulting from the cleavage betWeen L, the mir, 
and the target-binding region. 

[0133] As used herein, the term “binding event” generally 
refers to the binding of the target-binding moiety of an e-tag 
probe to its target. By Way of eXample, such binding may 
involve the interaction betWeen complementary nucleotide 
sequences or the binding betWeen a ligand and target anti 
ligand. 
[0134] As used herein, the term “capture ligand”, refers to 
a group that is typically included Within the target binding 
moiety or portion of an e-tag probe and is capable of binding 
speci?cally to a “capture agent” or receptor. The interaction 
betWeen such a capture ligand and the corresponding capture 
agent may be used to separate uncleaved e-tag probes from 
released e-tag reporters. 

[0135] C. Electrohoretic Probes 

[0136] An e-tag may be joined to any convenient site on 
the target-binding reagent, Without interfering With the syn 
thesis, release and/or binding of the e-tag labeled reagent. 
For nucleotides, the e-tag may be bound to a site on the base, 
either an annular carbon atom or a hydroXyl or amino 
substituent. For proteins, the e-tag may be bound to multiple 
sites either on the protein or through the intermediacy of a 
hub nucleus. 

[0137] In mass spectrometry, the e-tags may be different 
from the e-tags used in electrophoresis, since the e-tags do 
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not require a label or a charge. Thus, these e-tags may be 
differentiated solely by mass, Which can be a result of atoms 
of different elements, isotopes of such elements, and num 
bers of such atoms. 

[0138] Electrophoretic tags are small molecules (molecu 
lar Weight of 150 to 10,000), Which can be used in any 
measurement technique that permits identi?cation by mass, 
e.g. mass spectrometry, and or mass/charge ratio, as in 
mobility in electrophoresis. Simple variations in mass and/or 
mobility of the electrophoretic tag leads to generation of a 
library of electrophoretic tags, that can then be used to detect 
multiple target molecules such as multiple snp’s or multiple 
target sequences or multiple proteins. The electrophoretic 
tags are easily and rapidly separated in free solution Without 
the need for a polymeric separation media. Quantitation is 
achieved using internal controls. Enhanced separation of the 
electrophoretic tags in electrophoresis is achieved by modi 
fying the tags With positively charged moieties. 

[0139] The e-tags have a mobility modi?er that, With the 
other regions to Which the mobility modi?er is attached 
during separation, provide for unique identi?cation of an 
entity of interest. The mobility modi?er of the e-tags can 
vary from a bond to about 100 atoms in a chain, usually not 
more than about 60 atoms, more usually not more than about 
30 atoms, Where the atoms are carbon, oXygen, nitrogen, 
phosphorous, boron and sulfur. Generally, When other than 
a bond, the mir Will have from 0 to 40, more usually from 
0 to 30 heteroatoms, Which in addition to the heteroatoms 
indicated above Will include halogen or other heteroatom. 
The total number of atoms other than hydrogen Will gener 
ally be feWer than 200 atoms, usually feWer than 100 atoms. 
Where acid groups are present, depending upon the pH of 
the medium in Which the mir is present, various cations may 
be associated With the acid group. The acids may be organic 
or inorganic, including carboXyl, thionocarboXyl, thiocar 
boXyl, hydroXamic, phosphate, phosphite, phosphonate, sul 
fonate, sul?nate, boronic, nitric, nitrous, etc. For positive 
charges, substituents Will include amino (includes ammo 
nium), phosphonium, sulfonium, oXonium, etc., Where sub 
stituents Will generally be aliphatic of from about 1-6 carbon 
atoms, the total number of carbon atoms per heteroatom, 
usually be less than about 12, usually less than about 9. The 
mobility modi?er may be neutral or charged depending on 
the other regions to Which the mobility modi?er is attached, 
at least one of the regions having at least one charge. Neutral 
mirs Will generally be polymethylene, halo- or polyha 
loalkylene or aralkylene (a combination of aromatic—in 
cludes heterocyclic—and aliphatic groups), Where halogen 
Will generally be ?uorine, chlorine, bromine or iodine, 
polyethers, particularly, polyoXyalkylene, Wherein alkyl is 
of from 2-3 carbon atoms, polyesters, e.g. polyglycolide and 
polylactide, dendrimers, comprising ethers or thioethers, 
oligomers of addition and condensation monomers, e.g. 
acrylates, diacids and diols, etc. The side chains include 
amines, ammonium salts, hydroXyl groups, including phe 
nolic groups, carboXyl groups, esters, amides, phosphates, 
heterocycles, particularly nitrogen heterocycles, such as the 
nucleoside bases and the amino acid side chains, such as 
imidaZole and quinoline, thioethers, thiols, or other groups 
of interest to change the mobility of the e-tag. The mir may 
be a homooligomer or a heterooligomer, having different 
monomers of the same or different chemical characteristics, 
e.g., nucleotides and amino acids. Desirably neutral mass 
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differentiating groups Will be combined With short charged 
sequences to provide the mobility modi?er. 

[0140] The charged mobility modi?ers generally have 
only negative or positive charges, although, one may have a 
combination of charges, particularly Where a region to Which 
the mobility modi?er is attached is charged and the mobility 
modi?er has the opposite charge. The mobility modi?ers 
may have a single monomer that provides the different 
functionalities for oligomeriZation and carry a charge or tWo 
monomers may be employed, generally tWo monomers. One 
may use substituted diols, Where the substituents are charged 
and dibasic acids. Illustrative of such oligomers is the 
combination of diols or diamino, such as 2,3-dihydroXypro 
pionic acid, 2,3-dihydroXysuccinic acid, 2,3-diaminosuc 
cinic acid, 2,4-dihydroXyglutaric acid, etc. The diols or 
diamino compounds can be linked by dibasic acids, Which 
dibasic acids include the inorganic dibasic acids indicated 
above, as Well as dibasic acids, such as oxalic acid, malonic 
acid, succinic acid, maleic acid, fumaric acid, carbonic acid, 
etc. Instead of using esters, one may use amides, Where 
amino acids or diamines and diacids may be employed. 
Alternatively, one may link the hydroXyls or amines With 
alkylene or arylene groups. 

[0141] By employing monomers that have substituents 
that provide for charges or Which may be modi?ed to 
provide charges, mobility modi?ers may be obtained having 
the desired mass/charge ratio. For example, by using serine 
or threonine, the hydroXyl groups may be modi?ed With 
phosphate to provide negatively charged mobility modi?ers. 
With arginine, lysine and histidine, positively charged 
mobility modi?ers may be obtained. OligomeriZation may 
be performed in conventional Ways to provide the appropri 
ately siZed mobility modi?er. The different mobility modi 
?ers having different orders of oligomers, generally having 
from 1 to 20 monomeric units, more usually about 1 to 12, 
Where a unit intends a repetitive unit that may have from 1 
to 2 different monomers. For the most part, oligomers are 
used With other than nucleic acid target-binding regions. The 
polyfunctionality of the monomeric units provides for func 
tionalities at the termini that may be used for conjugation to 
other moieties, so that one may use the available function 
ality for reaction to provide a different functionality. For 
eXample, a carboXyl group may be reacted With an amino 
ethylthiol, to replace the carboXyl group With a thiol func 
tionality for reaction With an activated ole?n. 

[0142] Where the e-tags are used for mass detection, as 
With mass spectrometry, the e-tags need not be charged but 
merely differ in mass, since a charge Will be imparted to the 
e-tag reporter by the mass spectrometer. Thus, one could use 
the same or similar monomers, Where the functionalities 
Would be neutral or made neutral, such as esters and amides 
of carboXylic acids. Also, one may vary the e-tags by 
isotopic substitution, such as 2H, 18O, 14C, etc. 

[0143] The e-tag may be linked by a stable bond or one 
that may be cleavable thermally, photolytically or chemi 
cally. There is an interest in cleaving the e-tag from the 
target-binding moiety in situations Where cleavage of the 
target-binding moiety results in signi?cant cleavage at other 
than the desired site of cleavage, resulting in satellite cleav 
age products, such as di- and higher oligonucleotides and 
this family of products interferes With the separation and 
detection of the e-tags. HoWever, rather than requiring an 
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additional step in the identi?cation of the tags by releasing 
them from the base to Which they are attached, the target 
binding sequence can be modi?ed to minimize obtaining 
cleavage at other than the desired bond, for example, the 
ultimate or penultimate phosphate link in a nucleic acid 
sequence. For immunoassays involving speci?c binding 
members, bonding of the e-tag Will usually be through a 
cleavable bond to a convenient functionality, such as car 
boxy, hydroxy, amino or thiol, particularly as associated 
With proteins, lipids and saccharides. 

[0144] If present, the nature of the releasable or cleavable 
link may be varied Widely. Numerous linkages are available, 
Which are thermally, photolytically or chemically labile. 
See, for example, US. Pat. No. 5,721,099. Where detach 
ment of the product from all or a portion of the target 
binding region is desired, there are numerous functionalities 
and reactants, Which may be used. Conveniently, ethers may 
be used, Where substituted benZyl ether or derivatives 
thereof, eg benZhydryl ether, indanyl ether, etc. may be 
cleaved by acidic or mild reductive conditions. Alterna 
tively, one may employ beta-elimination, Where a mild base 
may serve to release the product. Acetals, including the thio 
analogs thereof, may be employed, Where mild acid, par 
ticularly in the presence of a capturing carbonyl compound, 
may serve. By combining formaldehyde, HCl and an alcohol 
moiety, an ot-chloroether is formed. This may then be 
coupled With a hydroxy functionality to form the acetal. 
Various photolabile linkages may be employed, such as 
o-nitrobenZyl, 7-nitroindanyl, 2-nitrobenZhydryl ethers or 
esters, etc. 

[0145] For a list of cleavable linkages, see, for example, 
Greene and Wuts, Protective Groups in Organic Synthesis, 
2nd ed. Wiley, 1991. The versatility of the various systems 
that have been developed alloWs for broad variation in the 
conditions for attachment of the e-tag entities. 

[0146] Various functionalities for cleavage are illustrated 
by: silyl groups being cleaved With ?uoride, oxidation, acid, 
bromine or chlorine; o-nitrobenZyl With light; catechols With 
cerium salts; ole?ns With oZone, permanganate or osmium 
tetroxide; sul?des With singlet oxygen or enZyme catalyZed 
oxidative cleavage With hydrogen peroxide, Where the 
resulting sulfone can undergo elimination; furans With oxy 
gen or bromine in methanol; tertiary alcohols With acid; 
ketals and acetals With acid; ot- and [3-substituted ethers and 
esters With base, Where the substituent is an electron With 
draWing group, e.g., sulfone, sulfoxide, ketone, etc., and the 
like. 

[0147] The linker or mobility modi?er may be joined in 
any convenient manner to a unit of the target-binding region, 
such as the base of the nucleoside or the amino acid of a 
protein. Various functionalities that may be used include 
alkylamine, amidine, thioamide, ether, urea, thiourea, guani 
dine, aZo, thioether and carboxylate, sulfonate, and phos 
phate esters, amides and thioesters. 

[0148] The linkers may be oligomers, Where the mono 
mers may differ as to mass and charge. For convenience and 
economy, monomers Will generally be commercially avail 
able, but if desired, they may be originally synthesiZed. 
Monomers Which are commercially available and readily 
lend themselves to oligomeriZation include amino acids, 
both natural and synthetic, nucleotides, both natural and 
synthetic, and monosaccharides, both natural and synthetic, 
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While other monomers include hydroxyacids, Where the 
acids may be organic or inorganic, e.g. carboxylic, phos 
phoric, boric, sulfonic, etc., and amino acids, Where the acid 
is inorganic, and the like. In some instances, nucleotides, 
natural or synthetic, may ?nd use. The monomers may be 
neutral, negatively charged or positively charged. Normally, 
the charges of the monomers in the linkers Will be the same, 
so that in referring to the mass/charge ratio, it Will be related 
to the same charge. Where the label has a different charge 
from the linker or mir, this Will be treated as if the number 
of charges is reduced by the number of charges on the linker 
or mir. For natural amino acids, the positive charges may be 
obtained from lysine, arginine and histidine, While the 
negative charges may be obtained from aspartic and 
glutamic acid. For nucleotides, the charges Will be obtained 
from the phosphate and any substituents that may be present 
or introduced onto the base. For sugars sialic acid, uronic 
acids of the various sugars, or substituted sugars may be 
employed. 

[0149] The linker L may include charged groups, 
uncharged polar groups or be non-polar. The groups may be 
alkylene and substituted alkylenes, oxyalkylene and poly 
oxyalkylene, particularly alkylene of from 2 to 3 carbon 
atoms, arylenes and substituted arylenes, polyamides, poly 
ethers, polyalkylene amines, etc. Substituents may include 
heteroatoms, such as halo, phosphorous, nitrogen, oxygen, 
sulfur, etc., Where the substituent may be halo, nitro, cyano, 
non-oxo-carbonyl, e.g. ester, acid and amide, oxo-carbonyl, 
e.g. aldehyde and keto, amidine, urea, urethane, guanidine, 
carbamyl, amino and substituted amino, particularly alkyl 
substituted amino, aZo, oxy, e.g. hydroxyl and ether, etc., 
Where the substituents Will generally be of from about 0 to 
10 carbon atoms, While L Will generally be of from about 1 
to 100 carbon atoms, more usually of from about 1 to 60 
carbon atoms and preferably about 1 to 36 carbon atoms. L 
Will be joined to the label and the target-binding region by 
any convenient functionality, such as carboxy, amino, oxy, 
phospho, thio, iminoether, etc., Where in many cases the 
label and the target-binding region Will have a convenient 
functionality for linkage. 

[0150] The number of heteroatoms in L is suf?cient to 
impart the desired charge to the label conjugate, usually 
from about 1 to about 200, more usually from about 2 to 100, 
heteroatoms. The heteroatoms in L may be substituted With 
atoms other than hydrogen. 

[0151] The charge-imparting moieties of L may be, for 
example, amino acids, tetraalkylammonium, phosphonium, 
phosphate diesters, carboxylic acids, thioacids, sulfonic 
acids, sulfate groups, phosphate monoesters, and the like 
and combinations of one or more of the above. The number 
of the above components of L is such as to achieve the 
desired number of different charge-imparting moieties. 

[0152] In one embodiment, an e-tag for use in electro 
phoresis may be represented by the formula: 

[0153] Wherein D is a ?uorescent label, particularly a 
?uorescent compound disclosed hereinabove, L is a mobility 
modi?er, a bond or a linking group Where L and the regions 
to Which L is attached provide for the variation in mobility 
of the e-tags. 
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[0154] Accordingly, in one embodiment the ?uorescent 
label is a compound of the formula: 

[0155] Wherein: 

[0156] Z is H, loWer alkyl, substituted loWer alkyl, 
loWer alkenyl, substituted loWer alkenyl, loWer alky 
nyl, substituted loWer alkynyl, cycloalkyl, alkoXy, 
substituted alkoXy, phenoXy, substituted phenoXy, 
aromatic, substituted aromatic, phenyl, substituted 
phenyl, polycyclic aromatic, substituted polycyclic 
aromatic, heterocyclic, substituted heterocyclic, 
chlorine, ?uorine, bromine, iodine, COOH, carboXy 
late, amide, nitrile, nitro, sulfonyl, sulfate, sulfone, 
amino, tethered amino, quaternary amino, imino, 
phosphorus containing species such as, e.g., phos 
phate, phosphite, and the like, polymer chains of 
from about 2 to about 10 monomer units such as, eg 
polyethylene glycol, polyamide, polyether, and the 
like, 

[0157] A is O, N+(R1)(R2) Wherein R1 and R2 are 
independently H, loWer alkyl, substituted loWer alky, 
and the like, 

[0158] D is OH, OR3 Wherein R3 is loWer alkyl, 
substituted loWer alkyl, aryl, substituted aryl, and the 
like, N(R1)(R2) Wherein R1 and R2 are independently 
H, loWer alkyl, substituted loWer alkyl, and the like, 

[0159] W1, W2, W3, W4, W5 and W6 are indepen 
dently H, loWer alkyl, substituted loWer alkyl, loWer 
alkenyl, substituted loWer alkenyl, loWer alkynyl, 
substituted loWer alkynyl, cycloalkyl, alkoXy, sub 
stituted alkoXy, phenoXy, substituted phenoXy, aro 
matic, substituted aromatic, phenyl, substituted phe 
nyl, polycyclic aromatic, substituted polycyclic 
aromatic, heterocyclic, substituted heterocyclic, 
chlorine, ?uorine, bromine, iodine, COOH, carboXy 
late, amide, nitrile, nitro, sulfonyl, sulfate, sulfone, 
amino, tethered amino, quaternary amino, imino, and 
the like, 

[0160] Xl-X4 are independently H, loWer alkyl, sub 
stituted loWer alkyl, loWer alkenyl, substituted loWer 
alkenyl, loWer alkynyl, substituted loWer alkynyl, 
cycloalkyl, alkoXy, substituted alkoXy, phenoXy, sub 
stituted phenoXy, aromatic, substituted aromatic, 
phenyl, substituted phenyl, polycyclic aromatic, sub 
stituted polycyclic aromatic, heterocyclic, substi 
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tuted heterocyclic, chlorine, ?uorine, bromine, 
iodine, COOH, carboXylate, amide, nitrile, nitro, 
sulfonyl, sulfate, sulfone, amino, tethered amino, 
quaternary amino, imino, and the like, 

[0161] Wherein W2 and W3 may be taken together to 
form one or more rings comprising 4 to 14 atoms, 
preferably, 4 to 8 atoms, more preferably, 5 to 7 
atoms, usually carbon atoms, and comprising 1 to 7 
unsaturations, usually, 1 to 4 unsaturations, such as, 
e.g., benZo (from benZene), naptho (from naphtha 
lene), anthro (from anthracene), and the like, and 

[0162] Wherein W4 and W5 may be taken together to form 
a ring comprising 4 to 14 atoms, preferably, 4 to 8 atoms, 
more preferably, 5 to 7 atoms, usually carbon atoms, and 
comprising 1 to 7 unsaturations, usually, 1 to 4 unsatura 
tions, such as, e.g., benZo (from benZene), naptho (from 
naphthalene), anthro (from anthracene), and the like. 

[0163] LoWer alkenyl and loWer alkynyl are de?ned 
above. 

[0164] In one speci?c embodiment of the aforementioned 
e-tag moiety set, the ?uorescent label is a compound of the 
formula: 

Wherein: [0165] 
[0166] Z‘ is coon, 

[0167] A‘ is o, 

[0168] D‘ is OH, OR3' wherein R3’ is loWer alkyl, 
substituted loWer alkyl, aryl, substituted aryl, 

[0169] W1’, W2’, W3’, W4'and W6 are independently 
H, loWer alkyl, substituted loWer alkyl, loWer alk 
enyl, substituted loWer alkenyl, loWer alkynyl, sub 
stituted loWer alkynyl, cycloalkyl, alkoXy, substi 
tuted alkoXy, phenoXy, substituted phenoXy, 
aromatic, substituted aromatic, phenyl, substituted 
phenyl, polycyclic aromatic, substituted polycyclic 
aromatic, heterocyclic, substituted heterocyclic, 
chlorine, ?uorine, bromine, iodine, COOH, carboXy 
late, amide, nitrile, nitro, sulfonyl, sulfate, sulfone, 
amino, tethered amino, quaternary amino, imino, and 
the like, 

[0170] WS’ is H, loWer alkyl, substituted loWer alkyl, 
loWer alkenyl, substituted loWer alkenyl, loWer alky 
nyl, substituted loWer alkynyl, cycloalkyl, alkoXy, 
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substituted alkoXy, phenoXy, substituted phenoXy, 
chlorine, ?uorine, bromine, iodine, COOH, carboXy 
late, amide, nitrile, nitro, sulfonyl, sulfate, sulfone, 
amino, tethered amino, quaternary amino, imino, and 
the like, 

[0171] Xlv-X4v are independently H, loWer alkyl, sub 
stituted loWer alkyl, loWer alkenyl, substituted loWer 
alkenyl, loWer alkynyl, substituted loWer alkynyl, 
cycloalkyl, alkoXy, substituted alkoXy, phenoXy, sub 
stituted phenoXy, aromatic, substituted aromatic, 
phenyl, substituted phenyl, polycyclic aromatic, sub 
stituted polycyclic aromatic, heterocyclic, substi 
tuted heterocyclic, chlorine, ?uorine, bromine, 
iodine, COOH, carboXylate, amide, nitrile, nitro, 
sulfonyl, sulfate, sulfone, amino, tethered amino, 
quaternary amino, imino, and the like, 

[0172] wherein W2 and W3’ may be taken together to 
form one or more rings comprising 4 to 14 atoms, 
preferably, 4 to 8 atoms, more preferably, 5 to 7 
atoms, usually carbon atoms, and comprising 1 to 7 
unsaturations, usually, 1 to 4 unsaturations, such as, 
e.g., benZo (from benZene), naptho (from naphtha 
lene), anthro (from anthracene), and the like, and 

[0173] Wherein W4’ and W5’ may be taken together to 
form a ring comprising 4 to 14 atoms, preferably, 4 
to 8 atoms, more preferably, 5 to 7 atoms, usually 
carbon atoms, and comprising 1 to 7 unsaturations, 
usually, 1 to 4 unsaturations, such as, e.g., benZo 
(from benZene), naptho (from naphthalene), anthro 
(from anthracene), and the like. 

[0174] In another speci?c embodiment of the above e-tag 
moiety, detectable label is a compound of the formula: 

Wherein [0175] 
[0176] Z“ is COOH, and the like, 

[0177] A“ is O, N(R1")(R2") Wherein R1" and R2" are 
independently loWer alkyl, substituted loWer alkyl, 
and the like, 

[0178] D“ is OH, 0R3" Wherein R3" is loWer alky, 
substituted loWer alkyl, aryl, substituted aryl, and the 
like, 

[0179] are independently H, loWer alkyl, 
substituted loWer alkyl, COOH, chloro, ?uoro, and 
the like, 

12 
Oct. 10, 2002 

[0180] W2" and W5" are independently H, loWer 
alkyl, substituted loWer alkyl, COOH, chloro, ?uoro, 
and the like, 

[0181] W3" and W4" are independently H, loWer 
alkyl, substituted loWer alkyl, COOH, chloro, ?uoro, 
and the like, 

[0182] Wherein W2" and W3" may be taken together 
to form one or more rings comprising 4 to 14 atoms, 
preferably, 4 to 8 atoms, more preferably, 5 to 7 
atoms, usually carbon atoms, and comprising 1 to 7 
unsaturations, usually, 1 to 4 unsaturations, such as, 
e.g., benZo (from benZene), naptho (from naphtha 
lene), anthro (from anthracene), and the like, and 

[0183] Wherein W4" and W5" may be taken together 
to form a ring comprising 4 to 14 atoms, preferably, 
4 to 8 atoms, more preferably, 5 to 7 atoms, usually 
carbon atoms, and comprising 1 to 7 unsaturations, 
usually, 1 to 4 unsaturations, such as, e.g., benZo 
(from benZene), naptho (from naphthalene), anthro 
(from anthracene), and the like, 

[0184] Xlvl-X‘l" are independently H, chloro, ?uoro, 
COOH, bromo, iodo, and the like. 

[0185] In one embodiment Z“ is carboXyl, W6" and W1" 
are loWer alkyl, W5" and W2" are halogen, X2" and X3" are 
hydrogen or carboXyl and X1" and X4" are hydrogen or 
halogen. In another embodiment the compounds of the 
invention are those set forth in FIG. 1 Wherein EX is 
excitation Wavelength, EM is Wavelength of emission and 
ROY is quantum yield. 

[0186] LoWer alkyl means a straight or branched chain 
hydrocarbon moiety comprising from 1 to 9 carbon atoms 
such as, for eXample, methyl, ethyl, propyl, butyl, pentyl, 
heXyl, heptyl, octyl, nonyl, and any appropriate iso-, tert-, 
neo-, sec-, and other forms thereof such as, for eXample, 
isobutyl, sec-butyl, tert-butyl, and so forth. Substituted 
loWer alkyl means loWer alkyl comprising one or more 
substituents replacing hydrogen atoms of the hydrocarbon. 
The substituents may be aliphatic or aromatic and include, 
for eXample, alkyl, aryl, aralkyl, halogen (chlorine, ?uorine, 
bromine, iodine), amino, amido, nitro, sulfo, cyano, and so 
forth. 

[0187] In another speci?c embodiment of the above e-tag 
moiety, the detectable label is a compound Wherein Z“ is 
carboXyl, W6" and W1" are loWer alkyl, W5" and Wzuare 
halogen, X2" and X3" are hydrogen or carboXyl and X1" and X4" 

are hydrogen or halogen. 

[0188] In another speci?c embodiment of the above e-tag 
moiety, the detectable label is a compound Wherein Z“ is 
carboXyl, W6" and W1" are methyl, W5" and Wzuare chloro, 
one of X2" and X3" are hydrogen and the other is carboXyl and 
X1" and X4" are hydrogen. 

[0189] In another speci?c embodiment of the above e-tag 
moiety, the detectable label is a compound Wherein Z“ is 
carboXyl, W6" and W1" are methyl, W5" and W2" are chloro, 
one of X2" and X3" are hydrogen and the other is carboXyl 
and X1" and X4" are chloro. 

[0190] In another speci?c embodiment of the above e-tag 
moiety, the detectable label is a compound selected from the 
group of compounds of FIG. 1. 










































